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Classificationof oscillation parameters
... with masshierarchy

ef g "" � e ef g " � � e and h ikj "Jl m � � npo q
:

COUPLED!

Small "reactor"
angleθ13

CP effectsδCP

Atmospheric Solar
oscillations oscillations

12θ21
2m∆

23θ31
2m∆

Future

important

experiments:

(examples)

- Beams (K2K,

MINOS, CNGS)

- Superbeams

- -Factories

- Beams?

- Reactor( )

- Superbeams

- -Factories

- KamLAND

- Solarexp.

Most interestingfor futureLBL: , ,
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Impact factors to the measurement

1. Statisticalerrors

3. Correlations 5. Externalinput

sin22

w
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x2

sin22 13

m
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sin22 13

m
212

2. Systematics 4. Degeneracies 6. Truevalues

sin22 13

2

CP

si
n2

2
13

Truevalueof sin22 13

T
ru

e
va

lu
e

of
m

212

Determinedby R&D of

experiment

Controllable by L, E,

combinations,...

No influenceby experi-

ment

For amoredetaileddiscussion:seeSecs.3 and5 of hep-ph/0204352 Resolvingdegeneracies... – WalterWinter– p.5/21
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Example: � ��� � � �-sensitivity limit

Statisticalerrors�

Systematics�

Correlations�

Degeneracies�

Final result

10

�6 10

�5 10

�4 10

�3 10

�2 10

�1
sin22 13

Sensitivityto sin22 13

Systematic
Correlation
Degeneracy

JHF SK

NuMI

JHF HK

NuFact I

NuFact II

10

�6 10

�5 10

�4 10

�3 10

�2 10

�1
sin22 13

Sensitivityto sin22 13

� Correlationsanddegeneraciesto bereducedby clevercombinations!

(Huber, Lindner, Winter, NPB 645/3,2002,hep-ph/0204352)
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The appearancechannels

LBL exp: interestinginformationin

�:� � � � Y� ,

�� Y, ��� Y �� , or
� �� � Y

To secondorderin andthehierarchy parameter :

, , .

Thetruevaluesof and changetherelative weights!
(Cerveraetal., 2000;Freund,Huber, Lindner, 2000;Freund,2001)
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Problemswith degeneracies

Especiallyfor large � and h ikj l m � � all termsactsimultaneously� A differentparametervaluein onetermcanoftenbe

compensatedby adifferentparametervaluein anotherterm

Thereexistsan“eight-fold” degeneracy (Barger, Marfatia,Whisnant,2001):

1) -degeneracy (Minakata,Nunokawa,2001)

Most importantfor us: solutionfor oppositesignof spoils

especiallymasshierarchy and measurements

2) -degeneracy (Fogli, Lisi, 1996)

Doesnot appearfor currentbest-fitvalue

3) -degeneracy (Burguet-Castell,Gavela,Gomez-Cadenas,Hernandez,Mena,2001)

Importantfor neutrinofactoriesbecauseof goodenergy resolution

andstatistics
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The parametersof interest(illustrated)
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The parametersof interest(illustrated)
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Differ ent scalesof � ��� � � �
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- Theoretical

reasonfor

?

Experimentsto resolve degs. “selected”by truevalueof
Combinationsof experimentswith similar capabilities!
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(Barger, Marfatia,Whisnant,2002)

(Huber, Lindner, Winter, NPB 654/3,2002,hep-ph/0211300)

(Minakata,Nunokawa,Parke,2003)

ReactorexperimentsandSuperbeams
(Minakata,Sugiyama,Yasuda,Inoue,Suekane,2002)

(Huber, Lindner, Schwetz,Winter, 2003,hep-ph/0303232)

Others!?
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Example: SynergiesJHF-SK + NuMI
... asin LOIs (Itow etal, 2001;Ayresetal, 2002), 5 yearsrunningtime

Initial situation:

- No sensitivity to themasshierarchy

- Both optimizedfor similarparams

- Only marginalCPsensitivity

Possiblemodifications:

- For : partialantineutrinorunning

(especiallyJHF-SK!)

- For masshierarchy:
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Options:

Combinationsof superbeamupgrades
(Barger, Marfatia,Whisnant,2002)

Superbeamupgradeandneutrinofactory
(Burguet-Castell,Gavela,Gomez-Cadenas,Hernandez,Mena,2002)

Neutrinofactorywith “silver channels”
(Donini, Meloni, Migliozzi, 2002;Autieroetal, 2003)

Superbeamat “magicbaseline”(comeslater)
(Asratyan,Davidenko, Dolgolenko, Kaftanov, Kubantsev, Verebryusov, 2003)

Others!?
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: “Magic baseline”

(not = Matterresonance!)

Correlations/degs.disappear

Independentof , osc.params

Evaluatesto ,

(averagedensity)

(PREMprofile)

However: noCPat !

Lipari, 2000;Burguet-Castell,Gavela,Gomez-Cadenas,

Hernandez,Mena, 2001; Barger, Marfatia, Whisnant,

2002;Huber/Lindner, 2002;Huber, Winter, 2003
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= Matterresonance!)^ Correlations/degs.disappear

Independentof , osc.params

Evaluatesto ,

(averagedensity)

(PREMprofile)

However: noCPat !
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ef gih j ë kmln f gih j k jnf gih jop ïrq sut vw xp ï q st v j

y{z f gih ë kln |f gih }�~� f gih p w vf gih p s t w vst f gih op ï q sit vw xp ï q st v

��z f gih ë kln |���f }m~� ��f p w vf gih p sitw vs t f gih op ïrq sit vw xp ïrq sit v

��z j ��f j k jnf gih j ë k�l jf gih jp s tw vs t j

Lipari, 2000;Burguet-Castell,Gavela,Gomez-Cadenas,

Hernandez,Mena, 2001; Barger, Marfatia, Whisnant,

2002;Huber/Lindner, 2002;Huber, Winter, 2003
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Example: NuFact-II

... asa “large” neutrinofactory

Detector:magnetizediron calorimeter

Detectormass:

¦§ ¨ª©

Runningtime:

P¬« neutrinosplus
P « antineutrinos

Standardbaseline:

ç § § § ¨® (to bevaried)

Targetpower:

P

( ¯ ¦° ç²± æ § ³´

usefulmuondecays/year)

5% matterdensityuncertaintyassumed

Now: split detectormassinto two equalpiecesof

placedat and
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Full analysisand the magicbaseline

... for è ékê ëJì îïñ -sensitivity limit in two baselinespace

¸¹ ï»º ¹ ë ¼
(incl. correlationsanddegeneracies)

Threelocal minima:

(1) :

No CPmeasurementpossible!

(2) , :
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Magic baseline:Main results
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Differ enceto Long-Baselinestrategy!?
Example:only JHF-SKis runningandfinds Ð Ö ÒÎ × ØÍ Ë Å+ / + 1

Ý Ý Ý Ý Ý ÝÝ Ý Ý Ý Ý ÝÝ Ý Ý Ý Ý ÝÞ Þ Þ Þ Þ ÞÞ Þ Þ Þ Þ ÞÞ Þ Þ Þ Þ Þ10 10 10 10−3 −4−1 −2

CHOOZ bound

Optionsdependonsolardata:

LMA-I: - Masshierarchy determinationwith 2ndsuperbeampossible

- No CPsensitivity with first-generationsuperbeams

Superbeam-Upgrade!?

LMA-II: - No certainmasshierarchy determinationwith 2ndsuperbeam

Additional reactorexperiment!?

- CPsensitivity with JHF-SK( running)+reactorexperiment

or JHF-SKonly with very extensive + running

However: If JHF-SKfindsit (HLMA, LOW-ATM)
Reactorexperimentsto testthis rangefor sure!
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Summary and conclusions

Discussionbasedupontruevalueof ì íïî ³mð ñ¶ò
“Selects”theexperiments,whicharesensitive
Thesecanbecombinedto resolvedegeneracies

Long-Baselinestrategy slightly different
Dependsonwhen is foundandthe

experiments/informationavailableat thattime

Now mostinteresting:
Laterdecisionsbasedon resultsin this range
New technologieswill changediscussion

Wediscusseda logarithmicscaleof
Is thisanappropriaterepresentation?
Linearscalefrom linearmassmodelsin flavor space?
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